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INTRODUCTION 
The ecology of urban wildlife is an important but, 
until recently, a generally neglected aspect of vertebrate 
ecology. Despite the importance of the urban fauna to 
society, few investigations have been conducted except on 
species that serve as zoonoses reservoirs. Because the 
city is a distinct ecosystem, a full understanding of the 
ecology of a given species is not complete until this, as 
well as the ecology of the animal in its more "natural" 
habitat, is known. Towards this end I have attempted to 
shed some light on a prominent urban species--the "possum." 
The Virginia opossum (Didelphis virginiana virginiana 
Kerr 1792) is a relatively recent arrival in Oregon. 
Several introductions occurred in the early twentieth cen-
tury in various areas of the state. Between 1910 and 1921 
at least four animals brought into Umatilla County as pets 
eventually escaped or were released (Jewett, 1929). Three 
of these animals are known to have escaped at about the 
same time and were throught by Jewett to be the basis of 
the then-current population. Jewett (1929) reported that 
during the 1927-28 trapping season at least 12 opossums 
were caught in the lower McKay Creek region near the area 
where the original animals escaped; he considered the 
opossum well established in the McKay and Johnson Creek 
areas of Umatilla County at that time. This population is 
thought to have died out later (Mace, 1970). In 1930, 
opossums were brought to Oregon for food and as pets by 
southerners working in the Civilian Conservation Corps 
(CCC). Known releases occurred near Warrenton (Clatsop 
County) and Troutdale (Clackamas County). Animals kept as 
pets were released in 1939 when the CCC program was termi-
nated. A wild opossum was first recorded in the Astoria 
region in 1942 (Anon. 1946). Six years later an opossum 
was found one mile east of Salem (Anon. 1948). Opossums 
continued to expand their range for the next six years, 
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and on 24 March 1954 the Virginia opossum was first reported 
in northeast Portland where one was captured and taken to 
the Washington Park Zoo. In the ensuing 22 years, the 
opossum has become well-adapted to western Oregon. 
The earliest significant studies of -opossum biology 
were made by Hartman (1923, 1928) in Texas on the animal's 
reproduction. These data, along with information on the 
_ general biology and folklore of the opossum were published 
by Hartman in 1952. Reynolds (1952) also investigated the 
reproductive biology of the species, but in California. 
Other important contributions include those by Fitch and 
his colleagues (1953, 1970) concerning the ecology and 
spatial relationships of opossums in Kansas. McManus has 
published studies on temperature regulation (1969) and be-
havior (1970). Hamilton (1958) and Reynolds (1945) have 
studied the life history and ecology of opossums in New 
York and Missouri respectively. 
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All previous studies on the ecology of opossums have 
been carried out in rural areas east of the Rockies; no 
studies have been conducted where the animal has been in-
troduced in the western United States, nor in urban areas. 
It is the purpose of this study to examine some of the 
ecological parameters of the opossum in and near Portland, 
Multnomah County, Oregon. Those aspects of the opossum's 
ecology that are discussed include: physical measurements, 
sex ratio, reproductive biology, food habits, parasitology 
and distribution and activity patterns. A note on nest 
building is included. 
MATERIALS AND METHODS 
Seventy-seven dead opossums (excluding pouch young) 
were collected from December 1974 through May 1976, pri-
marily from within the city limits of Portland, Multnomah 
County, Oregon. Eight opossums were from outside the city 
limits but within nearby urbanized areas. Later references 
to Portland opossums include all these animals. Except 
for two killed by dogs and one shot, all the animals were 
road kills. Six live animals were also examined with only 
sex and breeding conditions noted. 
Portland is a city of 378,000 located near the con-
fluence of the Columbia and Willamette Rivers. The city's 
elevation ranges from about 10 meters above sea level to 
384 M in the Tualatin Mountains; mean elevation is 53.4 M. 
The city is geomorphologically diverse, being located pri-
marily on level alluvial deposits but also on hilly ter-
rain. Parks and undeveloped areas are scattered through-
out parts of the city. The mean annual weather parameters 
are: temperature, 12.5°C; maximum temperature, 16.8°C; 
minimum temperature, 8.2°C; precipitation, 101,37 cm; snow-
fall, 23.37 cm; percent of possible sunshine 44%. The city 
is located in the moist transition zone (Bailey, 1936). 
The dead animals were weighed to the nearest SO g 
and measurements (mm) were taken of the total length, tail 
length, hind-foot length, ear length, upper-canine length, 
and distance between upper canines. Collector's name, 
s 
date, location and condition of the opossum were also re-
corded. The opossums were thoroughly combed and all ecto-
parasi tes removed and preserved in 70% ethanol. If large 
numbers of fleas were present, the opossum was washed in 
70% ethanol to facilitate their capture. Once ectopara-
sites were collected, the stomach was removed, the contents 
emptied and both stomach and contents placed in 0.9% saline 
solution to be examined for endoparasites. The stomach 
lining was sciaped to remove any attached endoparasites. 
The carcass was then discarded. Other viscera were also 
examined in the first nine specimens but because of the 
paucity of parasites recovered and time constraints 
this was discontinued. After examining the stomach and its 
contents for endoparasites, the contents were placed in a 
number 20 ' U.S.A. standard testing sieve fitted over a number 
60 screen. When the stomach contents were tho~oughly washed 
under running water, the two-screen assembly effectively 
separated course and fine materials. After washing, the 
two portions were stored in 70% ethanol for later examina-
tion. However, if green plant material or unusual matter 
were present, at least partial separation was made immedi-
ately. Separation was accomplished by taking a portion 
from each aliquot and placing it in a petri dish. Each 
sample was scanned with a variable magnification dissecting 
scope (10-4Sx) to check for small items which might not 
have washed through to the lower screei. Each stomach item 
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was removed from the mass and placed in a petri dish for 
later measurement and storage. Upon completion of separa-
tion of the larger items, the smaller items from the second 
aliquot were carefully examined in a petri dish, also under 
the dissecting scope. The volume of each item was measured 
and recorded. Items measuring less than 0.1 cc were re-
corded as trace, as were items amounting to less than 0.1% 
of the seasonal or annual volumes. 
The distribution pattern of the Virginia opossum 
within Portland was examined by collecting the date and 
location of every road-killed opossum in the city for the 
year 1974 from the Multnomah County Animal Control. The 
location and season of kill of 768 opossums was plotted on 
a map (scale: one inch • 2,000 feet) of the city. Over 
this an arbitrary quadrant system was established on an 
overlay. Each kill point was measured to the nearest 0.25 
inch (500 feet) and the co-ordinate and season recorded. 
Cluster analysis (K-MEANS) was performed using a CYBER com-
puter to examine the distribution of the population within 
the city. 
In order to examine activity patterns of the animals, 
data were collected from 1973 as well as 1974. In addition 
to the date of kill for both years, photoperiod, maximum 
temperature, minimum temperature, precipitation and amount 
of traffic were recorded. These data were also used to 
investigate the effects of the change in amounts of pre-
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cipitation and the change in temperature from the day of 
kill as compared to the previous day. Weather data were 
collected from the U. S. Weather Bureau and traffic data 
from the Portland city engineer's office. Using an IBM 1130 
computer, multiple regression analysis (MREGR) was applied 
to examine the significance of all the previously mentioned 
elements as well as the effects of time of year or of un-
known and nonquantifiable parameters. The kill data was 
first transformed according to the following formula 
y = ~Kill + 1. 
RESULTS AND DISCUSSION 
Weights and Measurements 
Relatively little specific information has been pub-
lished on the weights and measurements of Virginia opossums. 
Hamilton (1958) recorded monthly measurements of 83 males 
and 60 females whose weights were greater than 1360 g, the 
weight at which he considered most opossums to be sexually 
mature. For the sake of comparison, I have followed his 
method. In Hamilton's study, New York opossums showed a 
decrease in weight in late winter and early spring, fol-
lowed by a fluctuation in weight between 2100 and 3800 g 
for males and 1500 and 2500 g for females until October. 
Weights then rose to a maximum of 3626 g in February for 
males and 2811 g in November for females. Portland male 
opossums show (Table I) a continual decrease from a winter 
high of 3546 g to a summer low of 2925 g, while the weights 
of females fluctuate without showing a distinct pattern, 
perhaps because of the small sample size _ (Tabl~ I). 
Hamilton recorded an average annual weight of 2718 g 
for males and 1886 g for females. By comparison, Portland 
Virginia opossums are markedly heavier. Fifty-two males 
averaged 3394 g; the mean weight of 18 females was 2378 g. 
The five heaviest males reported by Hamilton weighed 
5091, 5037, 4678, 4105 and 3844 g. The five heaviest 
females weighed 3228, 2834, 2777, 2551 and 2523_ g. The 
weights of the heaviest male Portland opossums were 5300, 
TABLE I 
AVERAGE SEASONAL AND ANNUAL WEIGHTS (IN GRAMS) AND HEAD AND BODY LENGTHS (IN mm) 
OF 70 VIRGINIA OPOSSUMS WEIGHING MORE THAN 1360 g FROM PORTLAND, OREGON 
MALES FEMALES 
Season Number Weight HBL Number Weight HBL 
Winter 23 3546 478 7 2274 431 
Spring 13 3373 45 7 3 2500 481 
Summer 6 2925 418 5 2305 448 
Fall 10 3382 451 3 2617 450 
Annual 52 3394 460 18 2318 447 
l.O 
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5250, 5100, 5000 and 4950 g. The five heaviest females 
weighed 3350, 3350, 3300, 2900 and 2850 g. Fitch and 
Sandidge (1953) recorded a maximum weight of 5000 g for 
Kansas opossums. A spring male which I had held in capti-
vity for five weeks weighed 6400 grams, far more than any 
other opossum. Its other standard measurements were also 
large - total length, 915 mm; tail length, 368 mm; hind 
foot, 88 mm; ear, 41 mm. Because the animal was held cap-
tive before the measurements were taken they were not in-
cluded in the above calculations. 
It is noteworthy that, while the weights of Portland 
opossums are greater than those of New York animals, the 
head and body lengths are about the same. If Bergmann's 
Rule is valid for Virginia opossums, it would be expected 
that Portland animals would be somewhat smaller than their 
New York counterparts, for in general average temperatures 
in New York state are lower than those in Portland. No 
specific data have been published concerning the validity 
of Bergmann's Rule in this species, although it is known 
that opossums in Florida (Anon. 1955) are smaller than 
their counterparts in more northerly climes. Gardner's 
(1973) subspecific descriptions also indicate a smaller 
size for the species in the southern extent of its range. 
Perhaps in the urban environment, conditions - particularly 
food and shelter availability - are generally more favor-
able than under rural conditions. 
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Sex Ratio 
Past studies have in general yielded insignificantly 
greater numbers of males than females (Hamilton, 1958; 
Holmes and Sanderson, 1965; Petrides, 1949). The 83 opos-
sums examined in this study include an unusually high num-
ber of males (Table II). Three-quarters or more of the ani-
mals collected during fall, winter, and spring were males; 
only during the summer did females predominate, comprising 
62.5% of the specimens. In contrast to this, the sex ratio 
of 41 pouch-young collected during this study indicates a 
predominance of females (43.9:56.1), at least before the 
young part from their mother. 
The reasons for the disparity between these two 
ratios is unknown. Whether the collection methods are 
biased or whether the ratio truly reflects the population 
is not certain. A possible explanation is the greater 
activity recorded for males. Holmes and Sanderson (1965) 
found that the means of the average distances from the 
centers of activity were smaller for females (114.4 m) than 
for males (167.8 m). If this is true in Portland, then one 
might expect the wider-ranging males to encounter automo-
biles more frequently than females and hence be killed at 
a greater rate. 
Another explanation might be related to the breeding 
season. The summer season is the only time in which a peak 
in breeding activity does not occur (Figure 1). Perhaps 
TABLE II 
SEASONAL AND ANNUAL SEX RATIOS OF 83 FREE-RANGING 
VIRGINIA OPOSSUMS FROM PORTLAND, OREGON 
Season Number of Males Number of Females 
Winter 23 7 
Spring 18 6 
Summer 6 10 
Fall 10 3 
Annual 57 26 
Sex Ratio 
79.7:20.3 
75.0:25.0 
37.5:62.5 
76.9:23.1 
68.7:31.3 
..... 
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Figure 1. Ranges and median points of conception of 20 post-pouch Virginia opossums 
(weighing less than 1900 g and measuring less than 680 mm) and five litters 
from Portland, Oregon. 
...... 
~ 
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during this period most females, unburdened by a pouch full 
of young, range more widely over an area than when the y 
carry their litters. However, this is speculative; only 
when the ecology of the urban Virginia opossum is examined 
with the aid of radio-telemetry can this be answered. 
Reproductive Biology 
In general, studies of the Virginia opossum have in-
dicated that the onset of breeding and its subsequent peaks 
occur later in the year with increasing latitude. In Texas, 
at 31°-32° N latitude (Hartman, 1928; Lay, 1942), and 
Florida, at 30° N latitude (Burns and Burns, 1957), the 
breeding season commences in early January with peak acti-
vity extending into February. In Texas, a second peak was 
recorded in May and June. Further north, Reynolds (1952) 
recorded the first estrus of the season on 9 January in 
California (37° N) with peak activity in later January 
through March. Llewellyn and Dale (1964) found that mating 
occurred in Maryland (38.5° N) in early February and con-
tinued in March with a second peak in June and July. Simi-
larly, Kansas (39° N) opossums breed in mid-February and 
March with a second peak in June (Fitch and Sandidge, 1953). 
In nearby Missouri (39° N), the breeding season begins a-
round the first of February (Reynolds, 1945), with a peak 
later in the month and a second peak in late May and early 
June. In Ohio (40° N) Grote and Dalby (1973) recorded an 
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unusually early litter which indicated that copulation oc-
curred on the third or fourth of January. However, this is 
the only information they recorded concerning the local 
breeding season. Early- to mid-Febrary is the beginning of 
the breeding · season in Iowa ·c41° N), - with peak activity 
taking place in that month and March as well as in June 
(Wiseman and Hendrickson, 1950). Finally, in New York, the 
most northerly investigation prior to the current one, mat-
ing activity begins in late January and extends into March, 
with a second peak in June and July (Hamilton, 1958). Al-
lied with an increasingly late onset of the breeding season 
in the northern reaches of the animal's range is the occur-
rence of increasingly large litters. At latitudes between 
30° N and 37° N, an average of between 6.2 (Hartman, 1928) 
and 7.2 (Reynolds, 1952) opossums per litter are produced. 
Above 38° N latitude the reproductive potential increases 
so that on the average 7.4 (Fitch and Sandidge, 1953) to 
9.0 (Wiseman and Hendrickson, 1950) young are recorded per 
litter. 
The onset of the breeding season of the Virginia opos-
sum in Portland (45.3° N latitude) is remarkably early in 
the year, comparable to the season's onset in Texas (Hartman, 
1928; Lay, 1942) and Florida (Burns and Burns, 1957). The 
litter with the earliest date of conception was collected 
on 10 February 1975. The five young had an average snout-
rump length (SRL) of 50 mm, indicating an age of 29-35 days 
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(Reynolds, 1952). The age plus a 13-day gestation period 
indicates that conception occurred between 26 December and 
1 January, with 28 December as a median date. Two other 
litters of the five collected during this investigation 
also point to early breeding activity in Portland. A litter 
of six young was examined on 9 April 1975. The average SRL 
was 147 mm; the corresponding age is 76-85 days, which would 
denote a conception range of 2-11 January (median 6 January). 
The third early litter contained nine individuals collected 
on 28 March 1976. With a mean SRL of 84 mm (53-60 days), 
conception probably occurred between 14 and 21 January. The 
two other litters collected were conceived in February and 
May. 
Vesey-Fitzgerald (1965) suggests that suburban foxes 
(Vulpes vulpes) in England begin breeding activity up to 
three months earlier than foxes inhabiting rural areas. 
Perhaps urban opossums respond similarly to their new habi-
tat. 
To gain a more complete picture of the breeding sea-
son, the estimated dates of conception were calculated for 
20 post-pouch opossums weighing less than 1900 g and mea-
suring less than 680 mm total length. Petrides' (1949) 
. growth curves were used to estimate the earliest and latest 
dates on which matings producing the measured opossums 
would have occurred. These estimates were derived by using 
the weight and total length of the animal to establish 
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minimum and maximum dates. From these dates, a median date 
was calculated. Both the range and median point are dia-
grammed in Figure 1. 
These data suggest three peaks of breeding activity: 
one in January and February, another from mid-April through 
early May and a third from October through mid-November. 
It is the third peak that is so unexpected. No previous 
study has reported a peak so late in the year. Whether 
this represents a third litter is uncertain. Hartman (1928) 
suggested the presence of a third litter in Central Texas. 
However, no other investigator has found evidence for this. 
Although winters in Portland have been relatively mild for 
the last two years, it is difficult to believe that the sur-
vival rate of these litters is very high because the young 
would leave the relative safety of their mother and her 
pouch during the middle of winter. However, deleting the 
pouch young from consideration, the number of opossums con-
ceived in the October-November peak is comparable to the 
number in the earlier January-February peak. Further re-
search in this area is needed. 
The number of young present in the five litters were 
5, 6, 9, 10, 11. This is an average of 8.2 young per· lit-
ter, slightly lower than one might expect at this latitude, 
but the figure is open to question owing to the small sample 
size. However, if it is reasonably accurate and if there 
are indeed three litters per year, then this reflects a 
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reproductive potential greater than any previously recorded 
for this species, perhaps the result of a generally less 
stressful urban environment. 
The length of the breeding season is geographically 
variable. The breeding season is the period from the earl-
iest conception to the latest weaning period. In eastern 
Texas, Lay (1942) reported that it extended from January to 
August when females were no longer found with young. Hart-
man (1928) believed that in central Texas it covered the 
nine months from the first week of January until the end of 
September. Reynolds (1952) indicated that the season ends 
around the first of September in Missouri and not until mid-
October in California, where it begins in early to mid-
January. The breeding season extends from early February 
to August in Maryland (Llewellyn and Dale, 1964) and from 
late January to early November in New York (Hamilton, 1958). 
The data from the present study indicates the presence of 
a virtually year-round breeding season in the Portland 
metropolitan area. 
Food Habits 
Studies of food habits of the Virginia opossum reveal 
that a wide variety of edible, and sometimes inedible~ 
materials is consumed (Bewick, 1800; Audubon and Bachman, 
1852; Lincecum, 1872; Dearborn, 1932; Lay, 1942; Reynolds, 
1945; Taube, 1947; Grimm and Roberts, 1950; Gifford and 
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Whitebread, 1951; Llewellyn and Uhler, 1952; Sandidge, 1953; 
Hamilton, 1958; Stieglitz and Klimstra, 1962). Both geo-
. graphic and temporal variations in the diet are marked. 
Many studies have been carried out over short periods 
and the data lumped in such ways as to make comparisons be-
tween studies difficult. While I will compare the results 
of other studies with mine, one must remember that the find-
ings are not necessarily for corresponding periods. 
The results of my analysis of 64 opossum stomachs (13 
of the 77 s .tomachs were empty) is presented in Table III 
and Figure 2. Seasonal and annual percentages are given 
for both volume and frequency. Because either figure alone 
can be misleading, a third series, the importance value 
(I.V.), is also included. This figure was derived simply 
by multiplying the percent frequency times the percent 
volume. In this way a single figure may be used to examine 
the relative importance of items to each other. The number 
of full, or partially full, stomachs examined during the 
course of this study for each season were: winter, 23; 
spring, 16; summer, 13; fall, 12. 
The seasonal variation of the diet is pronounced 
(Table IV). Mammals are of major importance during the 
winter and spring. Leaf litter ranks first or second year-
round. Slugs and snails are consumed in relatively small 
amounts in the winter but are the most important food during 
the summer before declining again with the advent of fall. 
TABLE III 
SEASONAL AND ANNUAL PERCENT VOLUME, PERCENT "FREQUENCY· AND IMPORTANCE VALUES FOR 
FOOD ITEMS RECOVERED FROM 64 .VIRGINIA OP~SSUMS FROM PORTLAND, OREGON 
WINTER SPRING SUMMER FALL ANNUAL 
t Vo 1. t Freg. I. V. t Vol. t Preg. I.V. t Vol. t Freg. I. V. t Vol. t Preg, I. V. t Vol". t Preg. I. v. 
ANIMAL FOODS 68.6 95.8 6571.8 41.4 100.0 4140.0 55.9 100.0 5590.0 39.4 91. 7 3613. 0 52.9 96,9 5116. 3 
Unidentified animal matter 1.7 12.5 21. 3 0.6 3.1 1.9 Invert~brate eaas* T 13.0 T 50.0 T 61.5 T 41. 7 T 37.5 Mollus1 a 6.6 60.9 401. 9 8:6 62.5 537.5 24.9 61.5 1531.4 11.3 58.3 658.8 10.4 60.9 639.5' Gast 1·opoda 
Limaz sp. 0.6 4.4 2.6 0.2 1. 6 0,3 L. ma:imue" 0, 5 6.3 3.2 0.2 1. 6 0.3 L. mal'ginatu•* 0.4 8. 7 3.5 0.1 6.3 0.6 8.1 7.7 62.4 1.3 6.4 8,3 Del'ooel'a• retiou?atum* 0.8 4.4 3,5 0.9 6.3 5.7 1. 5 15.4 23.1 0.8 6.4 5.1 Arion atel'* 2.5 18.8 47.0 14 . 4 21.1 303.8 1. 5 8.3 12.5 3. 0 11.1 33.3 A. horteneie • 1. 0 8.7 8.7 0.1 12.5 1.3 0.1 7.7 0. 8 4.5 16.7 75.2 1.1 11.1 12.2 Prophveaon and•l'•oni* 2. 8 4.4 12.3 3.7 12.5 46.3 3,5 8.3 29.1 2.8 6.4 17.9 Snails 0.1 4.4 0.4 0.2 12.5 2.5 T 7.7 T 8.3 0.1 9.5 0.9 Unidentified 1. 0 26.1 26.1 0.5 6.3 3, 2 0.8 15 . 4 . 12. 3 1.8 16.7 30.l 0.9 15.9 14. 3 Annelida 
Oligochaota 
Lumbrioua tel'l'~•trie 9.8 
Tardi&rada* 
65.2 639.0 6.4 • 62. 5 400.0 12.9 23."i 298.0 8.8 50.0 440.0 8.9 53 . 1 4 72. 6 
Hoterotardiarada* T 4,4 T 18.8 T 8.3 T 6.4 Arthropoda 5.1 87. 5 . 446. 3 0.8 100.0 80.0 3.5 92.3 323, l 1.2 91. 7 110.0 2.8 92.2 258. 2 Arachnida T 21. 7 T 41. 7 T 23 . l T 16.7 T 25.0 Acari* T 21. 7 T 18.8 T 23.1 T 16.7 T 20.3 Araneida T 12.5 T 8.3 T 4.7 Crustacea 
-
T 8.7 T 6.3 T 7.7 T 6.4 Diplostraca• T 4.4 T 1.6 lsopoda T 4.4 T 6,3 T 7.7 T 4.7 Diplopoda T 4.4 0.1 16.7 1. 7 T 4.7 Insect a 5.1 87.5 446.3 0.8 93.3 74.6 3,5 92.3 323.1 1.1 91. 7 100.9 2.8 90,6 253. 7 Unidentified insect parts T 26.1 T 18.8 T 23.1 T 16.7 T 21.9 Unidentified insect larvae T 8.7 T 12 . 5 T 23.1 T 25.0 T 17.2 Collembola* T 20,8 T 12.5 T 15.4 T 16.7 T 17.2 Sminthuridae• T 17. 4 T 6.3 T 8.3 T 9.4 Poduridae• T 7.7 T 8.3 T 3.1 Entomcibryidae* T 4.4 T 8.3 T 3.1 lsotomidae* T 6.3 T 7.7 T 3.1 Orthoptera 
. Acrididae T 7.7 T 1. 6 Dermapte ra • 
Forficulidae• 0.1 8.3 0, 8 T 1. 6 Hemiptera T 4.4 T 8.3 T 3.1 Unidentified T 8.3 T 1. 6 Tingidae• T 4.4 T 1. 6 Homoptera• 
Aphididae• T 7.7 T 25.0 T 6.4 Coleoptera 3.7 33 . 3 123.2 0.8 53.3 34.1 2.8 53.8 l50.6 1. 0 66.7 66.7 2.2 48. 4 106. 5 Unidentified larvae T 8.7 T 3.1 Unidentif iod imagines T 17.4 T 31.3 0.6 23.1 13.9 T 8.3 0.1 20.3 2. 0 
• indicates item not ·previously roported from tho Virginia opossum's diet. 
(lo..) 
co 
WINTER SPRING SUMMl!R 
Vol. \ Freg. I.V. \ Vol. \ Freg. I.V. \ Vol. \ Freg. I. V. 
Carabidae 3.7 26.1 96.6 0.8 18.8 15.0 2.2 30.8 67.8 
Larvae 1.7 21. 7 36.9 0.1 6.3 0.6 
Imagines 2.0 26.1 52. 2 0.7 18. 8 13.2 2.2 30.8 67.8 
Staphylinidae T 6.3 
llrotylidae• T 8;'7 
Lepidoptera 
Cocoon 1.1 4.4 4.8 
Diptera 0.3 21.7 6.5 T 26. 7 T 23.1 
Unidentified larvae 0.3 21.7 6.5 T 18.8 T 23.l 
Unidentified imagines T 7.7 
Tipulidae T 6.3 
Siphonaptera• T 21. 7 T 25.0 T 38.5 
Pulicidae• T. 12.5 T 6.6 T 30.8 
Dolichopsyllidae• T 12.5 T 20.0 T 23.1 
Hymenoptera T 26.1 T 6.3 0.7 38.S 27.0 
Unidentified 0.2 7.7 1. s 
Formicidae T 26.1 T 6.3 0.1 23.1 2.1 
Vespidae 0.4 7.7 3.1 
Chordata 47.3 45.8 2166.3 23.9 73.3 1751.9 14.6 36.4 531.4 
Unidentified cartilaae 1. 2 7.7 9.2 
Unidentified bone · 0.2 7.7 1. 5 
Unidentified meat 
Osteichthyes 
Ctenoid scales T 7. 7 
Reptilia 
Squamata 
1ha•nophi• sp, o.~ 4.4 2.6 
Aves 1.4 25,9 36 ; 3 5.2 37.7 196.0 0.1 23.l 2.3 
Unidentified feathers T 13.0 0.6 18.8 11. 3 0.1 23.1 2.3 
Passeriformes 
1hrvoman•• b1wiokii• o.8 4.4 3.S 
rurdur migratoriu• 0.6 4.4 2.6 0.4 6.3 2.5 
Unidentified Pringillidae 0.1 6.3 0.6 
Pipito 1rvthrophthatamu1 T 4.4 4.1 6.3 25.8 
Mammalia 45.3 43.3 1961. 5 18.7 SO.I 936.9 13.1 7,7 100.9 
Marsupialia 
Did1tphi1 uirginiana 19.2 30.4 583.7 16.0 31.l 500.8 
lnsectivora 
#1urotriohu1 gibb•ii• 2.5 12.5 31. 3 
Rodentia 15.3 8.7 133.l 0,2 6.3 1.3 13.l 7.7 100.9 
Gtauoomv• 1abrinu1• 1.1 4.4 4.8 
Unidentified Cricetidae o·. 2 6.3 1.3 
Nu• •uroutu• 13.l 7.7 100.9 
Rattu• noruegiou• 14. 2 4.4 61.l 
Carnivora 10.8 4.4 46.4 
Spitogat1 graoitia• 
. F1B1 oatu1 10,8 4.4 46,4 
PALL 
\ Vol. \ Freg. I.V. 
1.0 58.3 58.3 
1.0 58,3 58,3 
T 8.3 
T 25.0 
T 25.0 
T 50.0 
T 25.0 
T 25.0 
T 8.3 
T 8.3 
18.l 50.0 905.0 
0.5 8.3 4.2 
1.4 25.0 35.0 
0.1 16.7 1.7 
1.3 8.3 10.8 
16.2 25.0 405,0 
15.7 16,7 262.2 
0.5 8.3 4.2 
o.s 8.3 4.2 
ANNUAL 
\ Vol. \ Freg. 
2.1 31. 3 
0.7 9.4 
1.4 31. 3 
T 3.1 
T 3.1 
0.4 l. 6 
0.1 23.4 
0.1 21.9 
T l. 6 
T l. 6 
T 31. 3 
T 17.2 
T 18.8 
0.1 17.2 
T 1.6 
T 17.2 
0.1 1.6 
30.2 45.3 
0.2 1.6 
T 1.6 
0.1 1. 6 
T 1.6 
0.2 1.6 
2.5 28.2 
0.2 17.2 
0.3 1. 6 
0.6 4.7 
T 1.6 
l. 4 3.1 
27.4 34.6 
14. 9 21. 9 
0.9 3.1 
7.5 6.4 
0.4 1. 6 
0.1 l.6 
l. 8 1.6 
5.2 1.6 
4.1 3.1 
0.1 l.6 
4,0 1.6 
I. v. 
65.7 
H.2 
28.4 
0.6 
2.3 
2.2 
1.2 
0.2 
1327. 3 
0.3 
0.2 
0.3 
70. 2 
3.4 
o.s 
2.8 
4.4 
948.0 
326.3 
2. 8 
48.0 
0,6 
0.2 
2.9 
8.3 
12. 7 
0.2 
6,4 
N 
1--' 
WINTER SPRING SUMMER 
t Vol. t Freg. I.V. t Vol. t Freg. I. V. t Vol. t Freg. I.V. 
PLANT FOODS 19.6 100.0 1960.0 23.0 100.0 2300.0 38.4 100.0 3840.0 
Gramineae 3.6 82.6 297.4 4.4 87.5 385.0 5.5 92.3 507.7 z .. a ma11• 0.3 6.l 1.9 Or!i•a sativa• 
iHiwm oepa• 0.1 4.4 0.4 0.2 6.3 l.l Maiwe s;i. 0.2 6.l l. l 0.5 7.7 l.9 Prwnwa sp, 18. 5 7.7 142.5 P11rwe oommwnie l. 2 4.4 5.3 1.5 6.l 9.5 · Pie..,. aativum• l. 8 4.4 7.9 
Jwgiane sp.• l. l 4.4 4.8 
Vitia sp. T 4.4 
Dawow• carota• 1.0 6.3 6.3 Phoeniz daot11tif•ra• 1.1 7.7 8.5 Hatianthua annwwe• 
Green leavGs 1.1 39.l 43.0 5.6 25.0 140. 0 0.6 23.l 13.9 Unidentified fruits 0.1 4.4 0.4 2.0 30.8 61.6 Unidcntif ied seeds T 47.8 0.2 25 . 0 "5. 0 T 46.l Leaf . litter 10.6 100.0 1060.0 9.6 100.0 960.0 10.2 92.3 941. 5 
MISCELLANEOUS FOODS 11.8 79.2 934.6 35.6 87.5 3104.l 5.6 76.9 430.6 
Pet food• 9.5 17.4 165.3 16.0 12.5 200.0 3.1 15.4 47.7 Bacon grease• 15.8 6.3 99,5 Fur balls• 2.1 12.5 26.3 Soda crackers• 
Paper 0.9 17.4 15.7 0.5 18. 8 9.4 Macaroni• 1.1 4.4 4.8 Sand 0.3 82.6 24.8 T 73.3 1.5 61. 5 92.3 Scrambled egg 0,5 6.3 3.2 0.7 7.7 5.4 Plastic wrap 0.7 12.5 8.8 Unidentified 0.3 7.7 2.3 Tin foil*_ T 4.4 T 6.3 T 7.7 Wood chips• T 4.4 
Plastic fra1ment• 'I' 4.4 String• T 4.4 
Plastic filament• T 4.4 
Mica chip T 4.4 Glass• T 7.7 Paint chip• 
Rubber• 
FALL 
t Vol. t Freg. I. V. 
54.2 100.0 5420.0 
11. 2 83.3 933.0 
0.1 8.3 0.8 
2.0 25.0 50;0 
0.5 8.3 4.2 
22.3 50.0 1115. 0 
1. 9 8.3 15.8 
0.1 8.3 0.8 
2.0 25.0 so.a 
l. 0 16. 7 16.7 
0.1 41.7 4.1 
14.9 100.0 1490.0 
4.6 75. 0 345.0 
3.9 8.3 32.4 
0.3 8.3 2.5 
0.4 66.7 26. 7 
T 8.3 
T 8.3 
ANNUAL 
t Vol. t Frcg . 
29.l 100.0 
5.3 85.9 
0.1 l. 6 
T l. 6 
0.1 l.l 
0.4 7. 7 
2.5 l. 6 
0.9 3.1 
0.7 1.6 
0.5 3.1 
3.5 10.9 
0.6 3.1 
0.2 1.6 
T 1. 6 
2.8 29 .9 
0.5 10.9 
0.1 40.6 
10.9 98.4 
18. 0 81. 3 
9.4 12.5 
5.4 1. 6 
o. 7 3.1 
0.6 1. 6 
0.5 12. 5 
0.4 1. 6 
0.4 71. 9 
0.3 3.1 
0.3 3.1 
T 1.6 
T 4.7 
T 1. 6 
T 1. 6 
T 1. 6 
T l.6 
T l. 6 
T 1. 6 
T 1. 6 
T 1. 6 
I. v. 
2910.0 
455.3 
0.2 
O.l 
l. 9 
4.0 
2.8 
l. l 
l. 5 
38.2 
l. 9 
0.3 
83.7 
4.4 
l.9 
1072.6 
1471.5 
117. 5 
8.6 
2. 2 
1.0 
6.3 
0.6 
28.8 
0.9 
0.5 
2. 2 
N 
N 
Unidentitied animal matter 
Bacon ~ Lima:s: sp. Lima:s: ma:s:i.mus Li.ma:s: marginatus 
. . . . . !/;'//'""'.'"' """"'"'"" 
__.. 
111 1 111 
-- ,Ar?.onAllo6i hortensis 
/ d . /'Prophysaon an erson?. 
/Snails 
..--Unidentified molluscs 
_.....,.Lumbricus terrestri.s 
Leaf litter-
~~~~-Other insects ~ ~-~~...,.,~~.· ---unidentified cartilage, bone and meut Seeds  ~-Thamnophi.s sp. Unidentified fruit - -------- ~~)~Unidentified feathers 
Green leaves -
Phosni:s: daotylifera..--
Daucus carota / 
Viti.s · sp.-
Juglans Sp.-
Pi.sum sativum_...../ 
Pyrus communis 
Prunus sp • ...-
Allium cepa// 
Zea mays 
Gramineae _.....,.... 
Fe lie oat us/ / / 
Spilogals gracilis 
Rattus norve~icus 
\. Thryomanes beuickii 
\ Turdus migratori.us 
Pipilo erythrophthalamus 
\\
"' ""'Neurotrichus «ibbsii 
GlaucomyB sabrinus 
Unidentified Cricetidae 
Mus musculus 
virginiana 
Figure 2. Annual percent volUJ110 of the stomach contents fro• 64 
Portland, Oreaon Vir&inia opossums, N 
c,,.i 
TABLE IV 
THE SIX MOST IMPORTANT FOODS SEASONALLY AND ANNUALLY 
(BASED ON 64 VIRGINIA OPOSSUMS FROM PORTLAND, OREGON) 
WINTER SPRING SUMMER FALL 
Item I. v. Item I. v. Item I. v. Item I. v. 
Mammals . 1961. 5 Leaf Litter 960.0 Gastropods 1531. 4 Fruits 1942.5 
Leaf Litter 1060.0 Mammals 936.9 Leaf Litter 941. 5 Leaf Litter 1490.0 
Earthworms 639.0 Gastropods 537.S Frutis 
' 
850.9 Grasses 933.0 
Gastropods 401. 9 Earthworms 400.0 Grasses 507.7 Gastropods 658.8 
Grasses 297.4 Grasses 385.0 Earthworms 298.0 Earthworms 440.0 
Pet Food .165. 3 Pet Food 200.0 Beetles 150.6 Mammals 405.0 
ANNUAL 
Item I. v. 
Leaf Litter 1072.6 
Mammals 948.0 
·Gastropods 639.5 
Earthworms 472,6 
Grasses 455.3 
Pet Food 117.5 . 
N 
... 
25 
Earthworms are always an important food but do not show well-
defined seasonal trends. Several foods are important only 
during one or two seasons. These include pet food during 
winter and spring, beetles during the summer, and fruits 
during the summer and fall. Arthropods are not listed in 
the table since their high rating is an artifact resulting 
from a large number of trace items. Hamilton (1958) found 
that the six foods with the greatest volume account~d for 
72.3% of the total volume. This is in close agreement with 
the present study in which 72.5% of the total volume is com-
posed of six foods. 
Animal matter predominates in the opossum's diet annu-
ally (52.9% by volume), and during all seasons except fall. 
By comparison, the diet of opossums in rural habitats in 
Missouri (Reynolds, 1945), Kansas (Sandidge, 1953), and 
Illinois (Stieglitz and Klimstra, 1962) consisted of 85.9%, 
90.1% and 76.2% animal fqods respectively. 
The urban opossum shows a predilection towards gastro-
pods. While gastropods are taken in quantity in Portland, 
their consumption by opossums in rural areas has not been 
found to exceed 3.9% volumetrically (Reynolds, 1945). 
Steiglitz and Klimstra (1962) recorded the greatest fre-
quency at 31.3%. In most previous investigations, snails 
were more frequently consumed than slugs. However, I found 
slugs to be much more important to Portland opossums. Six 
species of slugs are consumed by opossums in Portland, with 
26 
all but Prophysaon andersoni being introduced species. 
Surprisingly, the locally abundant ArioZimax aoZumbianus are 
not eaten; perhaps they have a disagreeable taste. The most 
important species in the diet is Arion ater. 
The volume of slugs and snails eaten increases from a 
low in the winter of 6.6% to a high in summer of 24.9%, dur-
ing which time it is the most important food group in the 
opossum's diet (Figure 3). Apparently only one species, 
Arion hortensis, is consumed year-round. The ingestion of 
slugs and snails and daily precipitation are correlated. 
Of 23 days without rainfall, _ gastropods were eaten only 10 
times or 43.5%, while on the remaining 41 rainy days, 26 
opossums or 63.4% had eaten slugs and/or snails. 
Earthworms occurred in over half of the stomachs ex-
amined. This is a frequency about twice as great as any re-
ported previously except by Dexter (1951), who found that 
in January seven of 13 opossums taken in Ohio had eaten 
earthworms. By comparison 65.2% of the winter animals in 
this study had consumed earthworms. The volumetric percent-
age is close to that of Taube (1947) and Hamilton (1958), 
but far greater than the 1.3% found by Steiglitz and 
Klimstra (1962). Reynolds (1945) and Sandidge (1953) did 
not record the presence of earthworms. The percent volume 
fluctuates between a low of 6.4% in the spring and a high 
of 12.9% in the summer (Figure 4). No correlation between 
precipitation and earthworm consumption can be shown. 
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Figure 3. Seasonal volumetric percent of gastropods 
consumed by 64 Virginia opossums in 
Portland, Oregon. 
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Figure 4. Seasonal volumetric percent of earthworms con-
sumed by 64 Virginia opossums in Portland, 
Oregon. 
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Arthropods, other than insects, are of little impor-
tance in the diet of opossums. All of the items rate no 
more than trace annually, and only millipedes rate 0.1% 
seasonally, this during the fall. Missouri (Reynolds, 1945) 
is the on_ly locale where diplopods were reported as more 
than a trace item annually; in other investigations milli-
pedes were recorded as a trace item or not at all. Isopods 
have been recorded at a frequency of 1.5% by Hamilton. 
This is less than one-third as often as in this study. 
Other investigations have not yielded this item. Another 
rare item is daphnia (Diplostraca); these were found in 
only one opossum and were probably ingested accidently 
while the animal was drinking. This item has not been pre-
viously noted. Spiders, too, are infrequently encountered, 
occurring only 4.6% of the time. Only in Texas were they 
previously reported (Lay, 1942). Water bears, or tardi-
. grades, were infrequently ingested, occurring in only 6.3% 
of the stomachs. These have not been reported in prior 
investigations. 
Mites have not been reported from the stomach con-
tents of opossums prior to this. Both free-living and 
parasitic species were recovered. The following free-
living genera have been identified: Platynothrus sp., 
(Camisiidae); Saheloribates sp., (Parasitidae) and 
Ereynetes sp., (Ereynetidae). Ereynetes is a mollusc 
parasite and probably was ingested along with the gastro-
30 
pod found in the same stomach. Two parasitic species were 
also taken from the stomach contents: Haemogamasus nidi 
(Laelapidae) and AndPolaeZaps fahPenhoZzei (Laelapidae). 
Since both were recovered externally, it is probable that 
their presence within the stomach was the result of groom-
ing by the opossums. 
Sixteen families of insects have been recorded from 
the stomachs of opossums during this investigation; Stom-
achs of Michigan opossums contained 30.4% insects (Dearborn 
1932), those of Missouri opossums, 34.2% (Reynolds 1945), 
and those of Kansas opossums, 42.2% (Sandidge 1953). This 
is markedly greater than the 2.8% obtained from urban 
opossums. Stieglitz and Klimstra (1962) and Hamilton (1958) 
both reported volumes between two and three times _greater. 
However, the frequency of 92.2% correlates closely with 
that found by Hamilton (1958) and Stieglitz and Klimstra 
(1962). The lower volume percentage may be the result of 
lower numbers of insects available in an urban environment. 
Insects are eaten year-round, but surprisingly the greatest 
amount taken occurs during winter. This is also true of 
opossums in central Missouri (Reynolds, 1945). Contrary 
to this, Hamilton (1958) found that the maximum consump-
tion of insects occurred during the warm swnmer months. 
Although sixteen insect families have been found, 
one, the Carabidae, accounts for over half of the total 
insect consumption during all seasons. In Missouri opossums 
31 
(Reynolds 1945) ground beetles made up 8.7% of the total 
volume, while their remains were found only 2.0% of the 
time in New York opossums (Hamilton 1958). In Portland, 
carabid remains were recorded in almost a third of the 
specimens. The dipterous larvae, vespids and cocoons were 
the only other items to be recorded at 0.1% volume or 
greater annually. Dipterous larvae are not always associ-
ated with carrion in the stomach contents. The larvae 
often appear to be unrelated to other items within a stom-
ach. Apparently the stings of wasps are not sufficient to 
deter a hungry opossum; this has been reported once before 
(Reynolds 1945). Several insects are probably ingested 
accidently. These include the smaller species in the fol-
lowing families: Sminthuridae, Poduridae, Entomobryidae, 
Isotomidae, Tingidae and Aphididae. The Pulicidae and 
Dolichopsyllidae are almost certainly ingested while the 
opossum is grooming, and it seems surprising that neither 
these nor other families of fleas have not been previously 
reported. Along with the two aforementioned families, the 
following eight families have not been reported from the 
diet of the opossum prior to this study: Sminthuridae, 
Poduridae, Entomobryidae, Isotomidae, Forficulidae, Tingi-
dae, Aphididae and Erotylidae. 
Reptiles and amphibians are virtually nonexistent in 
the diet of urban opossums. One garter snake (Thamnophis 
sp.) was found. Reptiles appear in varying quantities in 
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previous studies, ranging from no more than a trace (Taube 
1947) to 5.6% and 10.0% as reported by Hamilton (1958) and 
Reynolds (1945) respectively. The low percentage of rep-
tiles and absence of amphibians may be related to the pro-
bable lower number of these animals present in an urban en-
vironment. 
Prior studies have indicated that birds generally do 
not constitute more than about seven percent by volume of 
the opossum diet (Hamilton, 1958; Lay, 1942; Reynolds, 1945; 
Sandidge, 1953). Portland opossums consume fewer birds or 
their remains than opossums in any other area except Mary-
land (Llewellyn and Uhler, 1952). In previous studies 
chickens often predominated in the avian portion of the 
diet (Reynolds, 1945; Sandidge, 1953; Stieglitz and 
Klimstra, 1962). However, none were recovered from the 
stomachs of opossums in this study. 
The percent frequency of avian remains recorded from 
opossum stomachs is higher than that indicated by previous 
investigators. However, opossums will often_ glean a single 
feather or two when the opportunity arises (Hamilton, 1958), 
and this contributes substantially to the high percent fre-
quency. 
Three species of birds were identified during the 
course of this study; they are: Bewick's wren (Thryomanes 
bewickii), rufous-sided towhee (Pipilo erythrophthalamus), 
and American robin (Turdus migratorius). An unidentified 
33 
sparrow (Fringillidae) was also recorded, along with a num-
ber of unidentified feathers. Opossums are commonly blamed 
for taking nestlings. However, only one young bird, an 
American robin, was found to have been eaten, and this may 
well have been carrion since dipterous larvae were also 
present within the opossum's stomach. Stieglitz and 
Klimstra (1962) and others have commented on this situation, 
feeling reasonably certain that many of the bird remains re-
covered actually represents carrion feeding. 
Mammalian remains were recorded in 34.6% of the stom-
achs with a volume of 27.4%. This is the lowest volume re-
ported except by Lay (1942), who found 7% mammal remains. 
However, his figure represents September opossums only, a 
month when mammals are of less importance in the opossum's 
diet. In the present study mammals ranged from a low of 
13.1% volume in summer to a high of 45.3% during the win-
ter (Figure 5). 
The most important mammal in the opossum's diet is 
the opossum which, at 14.9%, accounts for more than one-
half the annual total volume. Only in Illinois opossums 
ate a greater percentage of their own species (Stieglitz 
and Klimstra, 1962). It is probable that nearly all of the 
opossums consumed are carrion, with a large percentage of 
this · due to automobiles. Despite the quantity of opossum 
in the diet, it is unlikely that this is considered a 
choice item. The number of road-killed opossums available 
Figure S. 
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is lowest in the winter when the volume consumed is great-
est, but during the late spring and summer when the number 
of road kills are frequent, ingestion of opossum by opossum 
is low. The large quantity of opossum eaten during the 
winter is probably indicative of the scarcity of favored 
items and the relative abundance of road-killed opossums 
rather than their desirability. One instance in which this 
may not have been the case occurred in the spring. A young 
female which had been carrying pouch young recently (as 
determined by the condition of the marsupium) was found to 
have eaten an opossum of pouch-young size. Matricide and 
cannibalism of the young have been previously reported, but 
only among captives under conditions of stress (Pray, 1921; 
Raven, 1929). What caused this particular female to devour 
what may have been one of her own offspring is not known. 
As might be expected, rodents are the next most im-
portant group of mammals. These have been reported fre-
quently in the past, although this is the first report of 
a flying squirrel (Glaucomys sabrinus) ·remains being eaten. 
The house mouse (Mus muscuius) and the Norway rat (Rattus 
norvegicus) constituted the bulk of the rodent remains. 
Both species have been recorded in the past but only in 
small amounts (Reynolds, 1945; Hamilton, 1958; Stieglitz 
and Klimstra, 1962). 
Carnivores follow in impor-tance. One unlikely item 
found was the remains of spotted skunk (Spilogale gracilis). 
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However, small amounts of the striped skunk Mephitis mephi-
tis have been reported by Taube (1947) and Stieglitz and 
Klimstra (1962). Domestic cat (FeZis aatus) remains, like 
the skunk, was recorded only once although the volume was 
more substantial. The carnivores, as well as the majority 
of mammals taken, probably represent carrion feeding. Mc-
Manus (1970) investigated the predatory capabilities of 
opossums and concluded that the species is not an efficient 
predator of other mammals. 
In previous studies plant foods have been relatively 
unimportant in the Virginia opossum's diet. Reynolds 
(1945) reported only 14.1% plant remains, Sandidge (1953), 
9.9% and Stieglitz and Klimstra (1962), 23.8%. While the 
figure from the latter study is within six percentage 
points of the annual figure of the present study, it should 
be remembered that it includes mostly animals examined dur-
ing the fall when plant foods increase in volume. Plant 
material contributes a _ greater percentage to the diet of 
the urban opossums than it does to opossums in a rural en-
vironment. However, this may be the result of including 
leaf litter in the results. This seems justifiable for 
70.3% of the stomachs contained more than 10% leaf litter, 
31.3% more than 20%, 20.3% more than 30%, 9.4% more than 
40%, 6.3% more than 50% and 3.1% more than 75%. Only 
Sti~glitz and Klimstra (1962) recorded leaf litter in their 
stomach analyses. Plant matter ranges from a low of 19.6% 
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in the winter to a high of 54.2% in the fall with the in-
crease due mainly to the greater quantity of fruits avail-
able at that time of year. 
Fruits are encountered at low frequencies and volumes 
in winter and spring. However, with the advent of summer, 
they increase greatly and reach a peak in the fall (Figure 
6). Grapes (Vitis sp.) are the most important of the fall 
fruits, appearing in half the animals examined and forming 
22.3% of the total fall diet. Cherries (Prunus sp.) are 
the most important of the swnmer fruits and rank second 
only to grapes annually. Only New York opossums have been 
reported to consume cherries prior to this study (Hamilton, 
1958). Other fruits and vegetables amount to less than 
1.0% volume each annually. Several of the plant foods re-
covered were obtained in whole or in part from garbage. 
These include such items as onions (Allium cepa), peas 
(Pisum sativum), corn (Zea mays), carrots (Daucus carota), 
rice (Oryza sativa), and dates (Phoenix dactylifera). 
Grasses are eaten in greater quantity and more often 
in Portland than by opossums in previous studies. Michi-
. gan opossums. (Taube, 194 7) consumed 5% by volume. This is 
only sl~ghtly less than the 6.3% indicated in this investi-
. gation. However, the Michigan opossums were collected in 
September, November, and December, a period when grass con-
sumption is high--at least in Portland opossums. Reynolds 
(1945) and Stieglitz and Klimstra (1962) reported amounts 
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Figure 6. Seasonal volumetric percent of fruits consumed 
by 64 Virginia opossums in Portland, Oregon. 
39 
less than 1%, and Sandidge did not list _ grass in the stom-
ach analysis of Kansas opossums. The consumption of grass 
increases throughout the year (Figure 7) from a low of 
3.6% in winter to a high of 11.2% in the fall. 
Other material recovered from the stomachs included 
a wide variety of miscellaneous items reflecting the urban 
environment. The most important of these is pet food, 
which is consumed in quantity in the winter and spring but 
less so during the summer. While bacon grease is recorded 
at 5.4% by volume annually, it appeared only once and 
hence is relatively unimportant. Along with the bacon 
grease, several other items including soda crackers, 
scrambled eggs and macaroni were obviously scavenged when 
the opportunity presented itself. Numerous indigestible 
items were also ingested, usually in small amounts. These 
range from a mica chip apparently from an electronics in-
strument to paper, string and plastic. 
Seasonal diversity within the opossum's diet can be 
illustrated by utilizing Shannon's (1948) formula. This 
was used to express the food item diversity (FID) and 
food_ group diversity (FGD) as derived from the importance 
values of each item or group. The FGD was calculated 
from the following groups: mammals, birds, reptiles, 
earthworms, slugs and snails, arthropods, plants, and 
miscellaneous matter. The number of equally important 
items (Ei) and_ groups (Eg) was also computed from Tomoff's 
Figure 7. 
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(1974) formula. The absolute diversity within the diet 
may be expressed by the formula Ha = I/N where I equals 
the number of different items consumed in a season and 
where N equals the number of samples. 
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The results of the above calculations are presented 
in Table V. The absolute diversity increases seasonally 
from a low of 2.48 during the winter to a high of 3.92 
during the fall. As Ha increases so does FID but only 
through the summer; with the advent of fall, the opossum 
relies to such a great extent on one item (Vitis sp.) that 
FID and Ei fall to their lowest point, indicating an in-
creased specialization in the diet. Both FGD and Eg de-
crease through the year as Ha increases due in large part 
to an increasing importance in plant foods. As a wider 
variety of food becomes available in greater quantities, 
the opossum can afford to show a degree of specialization 
in its choice of foods. In the winter months when the 
variety and quantity of foods available to the opossum are 
at its lowest, the species becomes more of a generalist. 
Regrettably, the values in Table V cannot be compared with 
previous studies since the data was not presented in a man-
ner that would allow the calculation of the various diver-
sities and numbers of equally abundant items or groups for 
corresponding periods. 
The above information, in conjunction with the per-
cent~ge of empty stomachs per season (Figure 8), indicates 
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TABLE V 
SEASONAL FOOD DIVERSITY VALUES AND NUMBERS OF EQUALLY . 
IMPORTANT FOODS AS DETERMINED FROM 64 
VIRGINIA OPOSSUMS FROM 
PORTLAND, OREGON 
FID E· 1 
WINTER 
SPRING 
SUMMER 
1. 967 
2.095 
2.104 
7.15 
8.13 
8.20 
6.47 FALL 1. 867 
FID = Food Item Diversity 
Ei = Number of Equally Abundant 
FGD = Food Group Diversity 
Eg = Number of Equally Abundant 
Ha = Absolute Diversity 
FGD 
1. 628 
1. 473 
1.189 
0.978 
Food Items 
Eg 
5.09 
4.36 
3.28 
2.66 
Food Groups . 
Ha 
2.48 
3.19 
3.31 
. 3. 9 2 
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that fall is a period of heavy feeding for opossums. The 
percent of empty stomachs falls from a winter high of 23.3%, 
to 21.1% in the spring, to 13.3% in the summer and 7.7% in 
the fall. Interestingly 85.7% of the empty stomachs occur-
red in males. 
D. virginiana has often been thought of as an oppro-
b~ioui beast, a scavenger of garbage. While this is true to 
a degree, surprisingly few items and little volume of the 
animal's diet is in fact . garbage. Less than 9% of the opos-
sum's diet in Portland is composed of garbage and of this 
over half is the result of the ingestion of one item (bacon 
. grease) on one occasion. Most investigators conclude that 
the species is a euryphage. The results of this study are 
in agreement and indicate that the opossum is indeed a 
highly opportunistic omnivore. 
Parasites 
Many ectoparasites, principally siphonapterans, are 
known to infest opossums. At least 15 species of fleas are 
known to parasitize the animal (Potkay, 1970). In this 
study, three species of fleas were found. These were the 
cat flea (Ctenoaephalides felis), the dog flea (C. aanis) 
and the Northern rat flea (Nosopsyllus fasaiatus). Both 
C. felis and N. fasaiatus were common, neither occurring 
significantly more often than the other. Only one speci-
men of C. aanis was found. C. felis has been the most 
commonly reported species in the past (Sandidge, 1953; 
Potkay, 1970). N. fasaiatus has been reported only once 
previously, and then from just four opossums (Sandidge, 
1953). C. aanis has not been reported on D. virginiania 
prior to this study; however, since only one specimen was 
found it is likely that this was an accidental. 
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Past studies have indicated that the opossum is re-
latively free of external parasites (Hamilton, 1958; 
Reynolds, 1945). However, this study indicates the con-
trary. In Portland, infestation is frequent, although 
u'sually not severe. The high rate of infestation may be 
attributable to the greater numbers of cats (Felis aatus), 
dogs (Canis familiaris), and rats (Rattus rattus and R. 
norvegiaus) found in an urban environment than in rural 
areas. It is also likely that the opossum exists in the 
same habitat as do rats and feral dogs · and cats. 
The frequency of flea infestation varies monthly, 
reaching a peak late in the year (Figure 9). Frequency 
during the winter is 53.3%. This rises slightly during 
the spring to 57.9% and in the summer to 66.7%. However, 
with the advent of fall the frequency increases greatly to 
92.3%. 
The degree of infestation differs significantly be-
tween the sexes. Of the 53 males examined, 38 or 71.7% 
were infested, while only 10 of 24 females or 41.7% were 
infested. The cause for this is unknown, but it is 
E-< 
z 
~ 
u 
&::r::: 
~ 
0.. 
MONTH 
Figure 9. 
100 0 0 
80 0 0 0 
0 
60 
00 
0 
40 0 
20 
:>-.. :>-.. ~ r-t :>-. Cl) :>-. .µ !-< !-< !-< !-< 
!-< 
'""' 
u •M ro s::: r-t Ul Cl) Cl) Cl) Cl) 
ro ro 
'""' '""' 
~ ~ ~ ~ ..c ..c ..c ..c ~ ~ ro 0.. I-) I-) oo e 0 e e 
s::: 
'""' ~ < ~ Cl) .µ Cl) Cl) ro ..c < .µ u > u I-) Cl) 0.. 0 0 Cl) 
i:.r.. Cl) z Cl 
Cl) 
13 8 9 9 6 0 2 8 5 3 7 4 
NUMBER OF OPOSSUMS COLLECTED 
Monthly percent of siphonapterous infestation 
of 77 Virginia opossums in Portland, Oregon. 
46 
47 
probably not due to a difference in grooming habits since 
there is no difference between sexes in the percentage of 
infested opossums with ingested fleas. No significant dif-
ference in the occurrence of fleas was found between juve-
niles and adults . 
Nine species of Acari were removed from opossums; 
eight species of mites and one tick, in addition to 15 un-
identified specimens (probably mostly nonparasitic). Five 
of the identified mite species are nonparasitic and are 
apparently accidentals; these include Saheloribates sp., 
Pergamasus sp., Ceratoppia sp., and Poeailoahirus nearo-
phori. The other three are parasitic on mammals. All re-
present new host records and all were taken from more than 
one animal. All are in the family Laelapidae; they are: 
Androlaelaps fahrenholzi, Haemogamasus nidi and Eulaelaps 
stabularis. Only one species of tick, Ixodes angustus, 
was recovered. This, too, is a new host record. 
Twenty specimens of nematodes were recovered, but 
only three were identified. One specimen was not whole but 
is probably Toxoaara aanis. This is a new host record. The 
two other nematodes are Physaloptera turgida and Oxyuris sp. 
All were recovered from the stomach. Two of the 77 opossums 
examined were suffering from several perforated gastric 
ulcers; nematodes were present in both. This was also re-
ported in two of 90 animals examined by Sherwood et al 
(1969). Three specimens representing two species of 
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trematodes were recovered from Portland oposswns prior to 
this investigation by James J. Kirk in 1973. Both species 
have been reported previously from the small intestine of 
the opossum; they are Braahylaime virginiana and Eahino-
stoma revolutum. 
Distribution and Activity Patterns 
The distribution of the Virginia opossum in Portland 
is widespread but heaviest east of the Willamette River. 
Cluster analysis (K-MEANS) indicates that the population is 
centered around three points (Figure 10); thes€ are approxi-
mately at: N. Emerson Street and Denver Avenue (cluster 1), 
N. E. Hancock Street and 4Sth Avenue (cluster 2), and S. E. 
Long Street and 37th Avenue (cluster 3). These clusters 
are not well defined. The area of_ greatest density is 
bounded by N. E. Broadway Street to the north, S. E. 
Clinton Street to the south, 30th Avenue to the west and 
7lst Avenue to the east. Several small, isolated areas 
also have a high opossum density. 
No apparent correlation was found with cluster centers 
or with the areas of_ greatest opossum density. Previous 
investigators have indicated that opossums tend to favor 
areas along small streams (Lay, 1942; Reynolds, 1945). 
There is no indication of this in urban opossums. Neither 
socio-economic indicators nor numan population density com-
pared favorably with the opossum populations. If, however, 
49 
Figure 10. Distribution of the Virginia opossum in 
Portland, Oregon (based upon 768 1974 traffic 
kill locations). 
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driving patterns vary within the city, this might account 
for the lack of correlation. These data suggest that opos-
sums find nearly every type of habitat suitable, whether it 
is residential, business or industrial. 
The multiple regression analysis of possible factors 
affecting opossum activity has not yielded particularly en-
lightening results. Figures 11 and 12 illustrate the 
monthly numbers of opossums reported killed by Multnomah 
County Animal Control. During the 1973-74 period, 1,625 
opossums were reported killed. The kill rate is lowest 
during November, December and January and largest during 
May. 
In the computer analysis (Table 6), January was used 
as the standard month of comparison. Only in February was 
a change in the amount of activity found to differ sigriifi~ 
cantly - this at the 0.01 level of confidence (t = 2.597). 
The reason for this increase in activity is unknown to me. 
During no other month was activity found to differ signi-
ficantly after the kill data was adjusted for other factors 
(maximum temperature, minimum temperature, amount of dark-
ness, traffic, precipitation, change in precipitation, 
change in maximum temperature and change in minimum temper-
ature). 
Among the physical parameters, signi°ficant µositive 
correlations were recorded for traffic, maximum tempera-
ture and minimum temperature. Both temperature factors 
170 
160 
150 
140 
130 
120 
Cl) 
~ 110 ~ 
...... 
:...: 
u 100 
...... 
~ 
~ 
~ 90 E--
?i 
Cl) 80 Cl) 
0 
0.. 
0 
~ 70 
0 
~ 
~ 60 iri 
?i 
z 
so 
40 
30 
20 
10 
0 
' •' .' 
I ~ 
• 
' I 
' I 
' I 
' I ' 
' ' 
' 
' 
' 
I 
I 
I 
' I 
• 
--·-- 1973 
ii 1974 
' .... ~ \ ~ \ 
' .... \ 
- \ \ 
\ 
... _~ 
Jan feb Mar Apr May Jun Jul Aug Sept Oct .Nov Dec 
' Figur.e 11. Monthly number of reported Virginia opossum traffic deaths for 
1973 and 1974 in Portland, Oregon. 
52 
150 
Cl) 
~ 110 ~ 
..... 
:..: 
u 100 
..... 
l'..t, 
l'..t, ;2 -
90 
..... 
~ 
Cl) 80 Cl) 
0 
i:i.. 
0 
t<, 70 
0. 
IX 
i:i.l 60 llQ 
~ 
z 
so 
40 
30 
20 
10 
0 
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Figure 12. Monthly mean of reported Virginia opossum traffic deaths for 
. 1973 and 1974 in Portland, Oregon. 
53 
TABLE VI 
RESULTS OF MULTIPL.E REGRESSION ANALYSIS OF THE ACTIVITY PATTERNS OF 1,625 
VIRGINIA OPOSSUMS FROM PORTLAND, OREGON DURING 1973 AND 1974 
STANDARD CORRELATION REGRESSION STD. ERROR COMPUTED VARIABLE MEAN DEVIATION X VS Y COEFFICIENT OF REG. COEF. T VALUE 
Year 0.50275 o. 50033 0.01566 0.04685 0.03337 1.40407 
February o. 07713 0.26698 0.02568 <r. 2S789 0.09931 2.59658 
March 0.08539 0. 27966 0.03679 0.14646 0.14678 0.99776 
Apr.il 0.08264 o. 27553 0.08162 0 . 05497 . 0. 21008 0.26168 
May 0.08539 0.27966 0.34312 0.35466 0.26781 1. 32428 
June 0.08264 0.27553 0.10201 -0.22112 0.30150 -0.73342 
July 0.08539 0. 27966 o. 03487 -0 . 37900 0.28607 -1.32486 
August 0.08539 0.27966 0.05953 -0.25632 0.23691 -1.08192 
September 0.08264 0.27553 0.01056 -0,25268 0.18018 -1.40232 
-
October 0.08539 0. 27966 -0.01928 -0.05351 0.11921 -0.44891 
November 0.08264 0.27553 -0.19673 -0;09762 0.08666 -1.12646 
December 0.08539 o. 27966 -o. 27129 -0.15615 0.08687 -1.79748 
I 
0.33673 Maximum Temperature 63.13912 14.70542 0. 00710 0.00323 2.19350 
Minimum Temperature 46.01791 8.72551 0.30090 0 . 01057 0.00523 2: 01932 
Photoperiod 11. 74586 2. 39101 -0.43610 -0.04757 0.04573 -1.04007 
Traffic 339.76861 100.88452 0. 18086 0.00074 O.OOOJ6 4.45898 
Precipitation 0.12367 0.27310 ·-0.18934 - 0.15261 0,08733 -1.74759 
Change in Precipitation 0.00000 0.31091 -0.02146 0.03907 0.06876 o. 56820 
Change in Max. Temp. 0.00000 6.29298 0.00561 • 0. 0024.7 0, 00329 ·0.75061 
Change in Min. Temp. 0. 00413 4.00526 0.00673 •0.00605 0.00490 ·l. 23494 
V1 
... 
SS 
were significant at the O.OS level of confidence. Traffic 
correlates at a level far greater than the 0.01 level of 
confidence. 
The t value for precipitation does not correlate 
particularly well (0.10 < t < O.OS), but probably does af-
fect opossum activity to a degree. Although the simple 
correlation of photoperiod and kill is higher (0.436) than 
any other parameter, after adjusting for other factors it 
does not appear to be particularly important in determining 
the degree of activity exhibited by opossums. Interest-
ingly, the data suggest that the longer the night, the less 
the kill. 
The multiple correlation (O.S729S) indicates that all 
of the factors examined account for only 32.8% of the urban 
opossum's activity. Whatever the other factors are that 
significantly affect the species activity, it is apparently 
not correlated with the time of the year, except perhaps 
February. 
Tail Use in Nest-Building by Immature Virginia Opossums 
The Virginia opossum's (DideZphis virginiana) use of 
its prehensile tail in nest building has been .previously 
noted (Pray, 1921; Smith, 194.1; Layne, 19Sl); however, no 
mention has been made of the age at which this behavior 
develops. On 4 April 197S a live female Virginia opossum 
and eight pouch young (five males, three females) were 
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brought to me from Cedar Hills, Washington County, Oregon. 
On 9 April 1975 the young were age-dated (Reynolds, 1952) 
and found to be between 76 and 85 days old. Four days 
later the mother and four of the young perished as the re-
sult of a six-floor fall. The survivors (all males) were 
placed in a 20-gallon aquarium lined with Kimwipes (a 
soft disposable paper tissue). A nest box was also pro-
vided with Kimwipes. 
On 21 April one of the young was seen to be carrying 
a large Kimwipe (15" x 17") in its tail to the nest box. I 
provided more Kimwipes shredded into one to three-inch 
widths. The opossum returned and further shredded the 
strips by standing on the Kimwipe, taking a mouthful of the 
tissue and then pulling its head up until the tissue tore. 
The shredded material was then packed into its tail once 
again. This was accomplished by standing on its hind legs 
with the rest of its body bent forward and using its mouth 
and forelimbs (either separately or in combination) to pack 
in the shredded Kimwipes anterior to the hind limbs under 
the venter. Then the hind limbs were thrust back alter-
nately, packing the nesting material into the looped tail. 
In forming the loop, the tail's distal portion was directed 
anteriorly under the opossum's venter to form a crook. The 
tail was then curled around the material and directed poste-
riorly in a nearly horizontal plane. Unlike the opossum 
described by Smith (1941), all of the motions of gathering 
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and packing the material were slow and deliberate except for 
the backward thrusts of the hind limbs. Once the material 
was gripped in its tail, the opossum usually trundled back 
to its nest box, although it sometimes wandered about or 
fed and then went to the box with or without the tissue. 
Later in the same day a second individual was seen to exe-
cute a similar procedure, after which this was a commonly 
observed activity in three of the four animals. 
The young were an estimated 88 to 97 days old when 
the initial observations were made. The behavior had been 
previously noted only in the case of adults and in indivi-
duals "more than half grown" (Smith, 1941). The opossums 
measured approximately 188 mm snout-rump length and weighed 
about 121 g. 
SUMMARY 
This is the first study of the ecology of Didelphis 
virginiana in an urban environment. The data obtained dur-
ing this 18 month investigation is based upon the examina-
tion of 83· opossums taken from in and near Portland, Oregon 
and from the computer analysis of the 1973 and 1974 kill 
dates and locations of 1,625 opossums recorded by Multnomah 
County Animal Control. The investigation has yielded the 
following results: 
1. With mean weights of 3394 g (males) and 2318 g 
(females), Portland opossums appear to be heavier than those 
reported elsewhere. The · maximum weights recorded also ex-
ceed those recorded for D. virginiana elsewhere. 
2. The annual sex ratio of 83 free-ranging opossums 
is skewed towards the males (68.7:31.3); possible expana-
tions for this are presented. The sex ratio of 41 pouch-
young indicated a somewhat greater percentage of females 
(43.9:56.1). 
3. Breeding activity begins remarkably early in the 
year, with data suggesting three peaks of activity during 
January-February, mid-April - early May and October - mid-
November. The mean litter siz.e is 8.2. young. 
4. Stomach analysis indicates a marked seasonal 
variation in diet diversity and composition. Animal mat-
ter constitutes 52.9% of the diet; plant matter, 29.1% and 
miscellaneous items 18.0%. Annually, the predominate dietary 
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components are leaf litter. mammals.gastropods, e~rthworms; 
grasses and pet food. Jhe Virginia opossum is euryphagic; 
98 . different items are recorded from stomach analysis. 
5. Five new parasite-host records were established, 
including three mites, Eulaelaps stabularis, Haemogamasus 
nidi and Androlaelaps fahrenholzi; a tick, Ixodes angustus 
and a nematode, Toxocara canis. Flea infestation is signi-
ficantly greater among male opossums than among females and 
shows marked seasonal trends. Three species of fleas, 
Ctenocephalides felis, C. canis and Nosopsyllus fasciatus 
were recovered as well, along with Oxyuris sp. and Physa-
loptera turgida both nematodes. Five species of free-liv-
ing mites were recorded: Poecilochirus necrophoris, 
Scheloribates sp., Pergamasus sp., Ceratoppia sp. and 
Platynothrus sp. 
6. Data suggest that the Virginia opossum finds 
nearly every type of habitat suitable, whether it is re-
sidential, business or industrial. 
7. Minimum and maximum temperature significantly 
affect opossum activity, with precipitation affecting acti-
vity to a lesser degree. 
8. Young opossums exhibit nest-building behavior as 
early as 88-97 days of age. 
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